Early energy changes in lungs, liver, and kidneys during the introduction of benz a pyrene and phenol (as the possible carcinogen activator) were studied. It was observed that 10 days after a single instance introduction of 5 mg benz a pyrene per 0.9% NaCl (60 rats), oxidative phosphorylation in the lungs and livers is disturbed in the test rats, accompanied by a reduction of adenine nucleotides in these tissues. It is assumed that at this stage, the detoxication of benz a pyrene is intensified by free oxidation systems and by the respiratory chain of mitochondria.
Early energy changes in lungs, liver, and kidneys during the introduction of benz a pyrene and phenol (as the possible carcinogen activator) were studied. It was observed that 10 days after a single instance introduction of 5 mg benz a pyrene per 0.9% NaCl (60 rats), oxidative phosphorylation in the lungs and livers is disturbed in the test rats, accompanied by a reduction of adenine nucleotides in these tissues. It is assumed that at this stage, the detoxication of benz a pyrene is intensified by free oxidation systems and by the respiratory chain of mitochondria.
A chronic 3-month exposure to benz a pyrene and phenol (150 rats, each 5 mg of benz a pyrene per month intratracheally and 0.4 mg/m3 of phenol round-the-clock) results in greater disturbances of the energy exchange in the lungs, liver and kidneys.
Benz a pyrene and phenol, individually and in combination, inhibit oxidative phosphorylation in the lungs. This significantly decreases the content of adenine nucleotides in this tissue. Activation of anaerobic glycolysis (twofold) and of aerobic glycolysis (eightfold) does not make up for the energy insufficiency in the tissue. The effect of benz a pyrene and phenol in the liver also results in suppressing oxidative phosphorylation and in the activation of glycolysis (anaerobic 2.5 times, the aerobic 3.7 times). Changes in the bioenergy of the kidneys are not as great.
Phenol in its combined effect with benz [a] pyrene intensifies the effect of the latter, as shown primarily to the greater activation of anaerobic and aerobic glycolysis in the lungs and livers of test rats.
The observed disturbances as concern the weight dynamics of the animals (weight loss in test rats), vitamin metabolism (their decrease in the organs and in urine) and hemopoiesis of red blood cells (erythropenia) attest to the toxic effect of benz a pyrene phenol on the organism, which is greater in the case of the combined action of the studied agents. No changes were discerned in the morphology of white blood cells.
The intense pollution of the air of modern inestablish a basis for evaluating the danger of possidustrial cities by carcinogens and to a greater exble provoking atmospheric factors in the etiology of tent by accompanying toxic substances constitutes lung cancer and to approach the evaluation of the a problem associated with the study of the role of long-term after effects of the action of atmospheric atmospheric pollution in lung carcinogenesis. The pollutants on the population. solution of this problem will make it possible to Previous studies conducted by the authors in 1965-67 (1) With this in mind, a test was set up using 260 random-bred rats of both sexes, 5-6 months old. The animals constituted six groups with two test groups and four control groups. The design of the experiment is given in Table 1 .
In conducting the experimental work, two methods of exposure were used: round-the-clock inhalation exposure to phenol vapor, and intratracheal instillation of a 5 mg benzpyrene dose monthly. The methods of Shabad (4) (1962) and Pylev (5) were used to introduce the carcinogen intratracheally. The benzpyrene was introduced into the lungs in the form of a suspension in BK-8 plasma expander. Finely ground, powdered India ink was added to the suspension for marking purposes and to create a carcinogen deposit in the lungs. The animals were exposed to phenol at a concentration of 0.4 mg/m3 in 100-liter chambers, where the animals remained continuously throughout the experiment, except when blood samples were taken from the animals and the animals were otherwise manipulated (intratracheal introduction, weighing, etc.).
The following indices of the animals were determined during the course of the experimental period: weight of the animals, erythrocyte and leucocyte count and the differential white count, induction time for subcutaneous tumors, vitamin content in the organs and in the urine, extent of aerobic and anerobic glycolysis and oxidative phosphorylation in the tissues, and pathomorphology.
This report contains the results of biochemical and physiological studies carried out on animals which had been exposed to the combined action of a carcinogen and phenol.
Of greatest interest is research dealing with the study of the energy changes in the organs of animals. Previous studies showed that sulfur dioxide has a significant effect on energy change. The combination of benzpyrene and sulfur dioxide introduced into the lungs of rats in our experiments resulted in a marked intensification of anaerobic and aerobic glycolysis in the lung and liver homogenates of these animals, in a reduction in the amount of adenine nucleotides in these tissues, in the appearance of leukemia and tumors in various sites in more instances than was the case with a single carcinogen (1, (6) (7) (8) .
In conjunction with this, the aim of this portion of work is the study of the early shifts in energy changes evoked by the introduction into the organism of the carcinogenic hydrocarbon, 3,4-benzpyrene (BaP). This hydrocarbon is most often encountered in the air of cities. The objective of this study is also the evaluation of one of the most widespread atmospheric pollutants, phenol, and its possible role in intensifying the effect of benzpyrene.
The investigation was divided into two stages: a study of the action of 3,4-benzpyrene on the oxidative phosphorylation and glycolysis of the mitochondria and homogenates of some tissues in rats after a single introduction of a carcinogen into the lungs of the test animals and a study of energy changes in the tissues of test animals after longterm exposure to benzpyrene, phenol, or a combination of these substances. In formulating this work and in evaluating its results, the author's work was based on the concept evolved by Warburg (9, 10) that disturbance of the energy changes in a cell Environmental Health Perspectives serves as the basis of the neoplastic process of tissue.
The work was carried out using 4-8 month old, white, male rats. Short-term exposure was used in order to study the effect of 3,4-benzpyrene on energy changes. The rats were given a single 5-mg dose of benzpyrene intratracheally in the form of a 0.9% NaCl suspension. The energy change in the animal tissue was studied' 10 days after exposure.
The series utilized 60 rats.
Concurrently, a long-term exposure of the animals was carried out according to the scheme described above, with the one exception that the animals were exposed to benzpyrene and phenol during the course of 3 months.
After completion of the exposure period, a month after the last introduction of benzpyrene, the animals were used in tests to study energy changes. This stage utilized 150 rats.
The total amount of benzpyrene received by the rats during the long-term exposure constituted 15 mg or 60 A mole per animal (6 x 10-5 mole).
Energy changes were determined by using three parameters. Oxidative phosphorylation was studied by Warburg's gasometric method (9, 10) in the mitochondria of the liver and kidneys and in the homogenates of the lungs. The medium for isolating the mitochondria contained Tris buffer, 0.05M, pH = 7.4; versene, 0.001M; and sucrose, 0.25M. The incubation mixture for the Warburg was: Tris buffer, 0.05M, versene, 0.001M; phosphate, 0.03M; MgCl2, 0.01M; KCl, 0.15M, fluoride, 0.01M, succinate, 0.04M; glucose, 0.1M; ATP, 0.001M, and hexokinase, 0.7 mg/sample. In addition, cytochrome c, 8.4 x 10-4M, was introduced for the lungs. The terminal pH was 7.4. The incubation lasted 30 min at 30°C with air as the gas phase.
The determination of the content of the components of glycolysis and of the adenylic systems in nitrogen fixed tissues included the determination of glycogen, FDP (fructose diphosphate), lactic acid, inorganic phosphate, and the adenylnucleotides ATP, ADP, and AMP.
The glycogen was determined according to the Krisman method with modification by the authors. This modification involved the use of FDP with resorcinol, lactic acid according to Barker and Sommerson, inorganic phosphate according to Fisk-Subbarrow, ATP, ADP, and AMP by the chromatographic method according to Carter with subsequent quantitative determination by using ribose. The albumin was determined by the microbiuret method.
All the obtained results were converted to grams of raw tissue weight (glycolysis and determination in the tissues) or to milligrams of albumin (oxidation phosphorylation). The results were statistically processed according to the method of Van der Varden, Student and mutually coupled variants.
Ten days after the introduction of 5 mg benzpyrene (BP) into the lungs of experimental rats in a single dose, a disturbance takes place in the oxidative phosphorylation in the lungs and liver. This results in the reduction of the quantity of adenine nucleotides in these tissues. At the same time, oxidative phosphorylation in the kidneys is reduced to a lesser extent (Tables 2-4 (Tables 2-4) .
The nature of the action of benzpyrene and phenol is somewhat different in the liver than in the lungs, despite the fact that oxidative These changes in oxidative phosphorylation in the mitochondria of the kidneys did not evoke any significant intensification of the glycolysis in the homogenate of the kidneys (except for the benzpyrene group where the aerobic glycolysis is activated 1.5 
times).
The results of the studies of the physiological indices, particularly the weight dynamics of the animals, indicate that the least weight increase (in per cent with respect to the initial weight) in comparison to the control group (group VI of Table 1) was observed in the animals in groups I, II, and III, in both males and females. In addition, the combined action of benzpyrene and phenol on the organism is greater than is that of either of them individually. The changes in weight dynamics were greater in the females than the males.
Studies of the morphological composition of peripheral blood, showed that erythropenia in the animals which had been subjected to the effect of phenol and benzpyrene (groups II and IV); this was particularly evident in the females.
In the given case the specific action of phenol took place. Statistically significant erythropenia was observed in the case of the female rats of group III which had received only benzpyrene.
Analysis of the hemograms of the white blood both of the experimental and of the control groups indicated that there was a significant variation in the total number of leucocytes, lymphocytes, and segmented neutrophils. The statistical treatment of the hemograms did not show a difference between the test and control groups.
Research on the vitamin (C, B1, B2, PP and their derivatives) content in organs and urine indicates that more severe disturbances in vitamin metabolism are observed in the case of the combined action of a carcinogen and phenol than is the case with the action of these substances individually.
Results of the biochemical and physiological studies may be summarized as follows.
Benzpyrene evokes a disturbance of the bioenergetics in the tissues of lungs, liver, and kidneys immediately after introduction. These disturbances are intensified with time and with increased benzpyrene dose.
The intensifying effect of phenol was determined primarily by its greater activation of the anaerobic glycolysis and particularly of aerobic glycolysis in the combined exposure group in the homogenates of the lungs and liver.
The indicated disturbances with respect to the weight dynamics of the animals, vitamin metabolism, and hemopoiesis of red blood verify the toxic effect of a carcinogen and phenol on an organism. These disturbances are particularly marked in the case of the combined action of the studied agents. No changes in the morphology of white blood cells were observed.
